ABSTRACT. Three species of shrimp, Farfantepenaeus brasiliensis (Latreille, 1817), F. paulensis (Pérez-Farfante, 1967) (Penaeidae) and Macrobrachium acanthurus (Wiegmann, 1836) (Palaemonidae) were sampled at the Imboassica lagoon (Rio de Janeiro State, Brazil), in order to estimate the overlap of dietary niches and electivity of their prey, through the analysis of the fauna associated with the macroalgae Chara and of the benthic fauna on the sediment. The overlap of dietary niches was estimated using five indexes. A total of 495 F. brasiliensis, 131 F. paulensis and 102 M. acanthurus stomachs were examined. The results of the different indexes of niche overlap exhibited the same general trend in the three species, indicating a high degree of homogeneity in the diet of the two species of Penaeidae (between 75 and 100%) and a smaller overlap between each Penaeidae species and M. acanthurus (between 23 and 68%). The species presented selective predation, with differences in the two studied habitats. The results show that the three species are omnivorous, with a varied diet including components of benthic macrofauna and those associated with the macroalgae Chara, plant fragments and detritus, and that there are good conditions in the Imboassica lagoon for the development of these species.
Coastal lagoons in tropical areas are traditionally places used for fishing, which has been primary food source for many towns and cities. However, over the last few decades human activities have intensified, resulting in serious damage to the natural systems (BRANCO et al. 1997) . In spite of the fact that these areas constitute important sites for traditional subsistence fishing, little information is available about the biology and ecology of the main organisms exploited.
It is important to know an animal´s diet in its habitat in order to be aware of its nutritional needs and its interaction with other organisms. For this reason, studies to evaluate the gut content try to identify and quantify the resources that a species uses, providing information on those selected from the choices available in the environment (WILLIAMS 1981; TARARAM et al. 1993) . The concept of niche overlap plays an important role in community theory (LAWLOR 1980) . In studies of species interaction and community structure, it is useful to quantify the degree to which two species overlap in their utilization of space, food or other resources, and several measures of niche overlap have been proposed (HURLBERT 1978) .
The Crustacean decapods have been recognized by many authors as important predators in tropical coastal environments (NELSON 1981; LEBER 1985; PRESTON et al. 1992; HEALES et al. 1996, among other) . In general, areas colonized by aquatic vegetation are important habitats for these organisms, providing refuge and food, by virtue of the fauna associated to the aquatic macrophytes. They are important predators in habitats with vegetation, and a shrimp´s diet presents high proportions of epifauna such as small crustaceans, molluscs and Polychaeta (LEBER 1985) .
The aim of this work is to interpret the trophic relationships of three species of Decapoda from the Imboassica lagoon, Farfantepenaeus brasiliensis (Latreille, 1817), F. paulensis (Pérez-Farfante, 1967 ) (Penaeidae) and Macrobrachium acanthurus (Wiegmann, 1836) (Palaemonidae), through the evaluation of the alimentary niche overlap between these species and their diet electivity.
Imboassica is a coastal lagoon located in the municipality of Macaé (22º30'S and 42º00'W), Rio de Janeiro State, Brazil. (RADAMBRASIL 1983) . It is a shallow environment, with an area of 3.26 km 2 and an average depth of 1.1 m (PANOSSO et al. 1998) and is separated from the sea by a sand barrier which is about 50 m wide. It is located in the urban zone and subject to several anthropic impacts, notably the dumping of raw domestic sewage through channels feeding into the lagoon.
The surroundings are partially occupied by residential areas and during the rainy season, flooding of these areas sometimes occurs (BRANCO et al. 1997) . The act of artificially opening the sand barrier then causes a drastic drop in the water level, and seawater enters. This artificial opening of the sandbar exposes almost the entire lagoon bed, and results in modifications in the biotic communities (BRANCO 1998 , ALBERTONI et al. 1999 , 2001 , in press, PALMA-SILVA et al. 2000 , 2002 . When the lagoon comes into contact with the ocean, many marine organisms enter, such as the shrimp species F. brasiliensis and F. paulensis (Penaeidae). Others of continental origin, like M. acanthurus (Palaemonidae), use the mesohaline waters for hatching (ALBERTONI et al. 1999) .
MATERIAL AND METHODS
The analyzed species were collected from the Imboassica lagoon from August 1995 to September 1997. The samplings were carried out at night, one hour after sunset. The night feeding of these species is reported by several authors (LEWIS et al. 1966 , HILL & WASSENBERG 1987 , WASSENBERG & HILL 1987 , PRIMAVERA & LEBATA 1995 , COLLINS & PAGGI. 1998 ROSEMOND et al. 1998, among others) . The animals were immediately put on ice, and at the laboratory the stomachs were removed using a dorsal incision in the cephalotorax, and preserved in 70% ethanol. A total of 495 F. brasiliensis, 131 F. paulensis and 102 M. acanthurus stomachs were analyzed.
The contribution to the total stomach volume of each food item was estimated using the Points Method (HYNES 1950 , WINDELL 1971 , HYSLOP 1980 , WILLIAMS 1981 . Using the estimate of the volume of the food items and a numerical estimate, the overlap of dietary niches among the three species was calculated by the following methods (KREBS 1989) ; where: -Overlap was measured on a scale from 0 (no overlap) to 1 (maximum overlap), expressed as a percentage; -mín(p i1 , p i2 ) = smallest proportion of the resource "i" used comparing species 1 and 2; -p i1 = proportion of resource "i" in relation to the total resources used by species 1; -p i2 = proportion of resource "i" in relation to the total resources used by species 2. a) Percentage Method (RENKONEN 1938 , in KREBS 1989 
2 ) e) Horn Method (HORN 1966) .
Chesson's electivity index (CHESSON 1978) was applied, comparing the proportion of the food items in the stomachs and the relative abundance of the macrofauna in the two habitats in the Imboassica lagoon occupied by the studied species: the macroinvertebrate community associated with the macroalgae Chara (ALBERTONI et al. 2001) , and community of benthic organisms in the sediment, with data presented in CALLISTO et al. (1998) . Chesson's electivity index is measured using the parameter a i , which estimates the probability of the prey encounter for the capture probability: α i = (r i /p i )/Σ(r i /p i ), where: (r i ) proportion of prey "i" in diet; (p i ) proportion of prey "i" in environment; Σα i = 1; (m) number of prey types.
The results are evaluated as follows, when:
RESULTS
A total of 25 food items were classified for F. brasiliensis, 17 for F. paulensis, and 20 for M. acanthurus. The results of the frequency of occurrence of the food items demonstrate that, for the peneid species, the predominant items were Polychaeta (Annelida), Heleobia australis (Mollusca: Gastropoda) and Chironomidae (Insecta, Diptera). In the gut content of M. acanthurus, the predominant item was detritus, found in 78% of the analyzed stomaches (Tab. I).
Although there was no significant difference (Friedman, p > 0.05) in the frequencies of occurrence of the alimentary items between the three species, it can be observed that the peneid species present similar occurrences for most of the items, with predominance of Insecta, Mollusca and Anellida while, in M. acanthurus larger occurrences of the detritus and Insecta items were found (Tab. I). The overlap of alimentary niches, calculated using the different indexes is presented in table II.
The results indicate a high niche overlap between the two species of Farfantepenaeus, and a lower one between these two species and M. acanthurus. The different indexes demonstrate similar results, varying in small units.
The results of the electivity index, related to the fauna associated with Chara (Tab. III) indicate that F. brasiliensis preys selectively on Chironomidae, Ostracoda and Tanaidacea, while H. australis, Polychaeta, Amphipoda, Isopoda and Bivalve are present in the diet in a frequency smaller than expected considering its abundance in the environment. Regarding the abundance of benthic fauna on the sediment (Tab. IV), it was found that this species preys selectively on Polychaeta and Chironomidae, found in the diet in higher frequencies than in the environment, and non-selectively on H. australis and Bivalve, found in smaller proportions in the diet than in the environment.
The results for F. paulensis, in the analyses of the Chara fauna, show selective predation of this species on Tanaidacea and Ostracoda, and non-selective on H. australis, Polychaeta, Isopoda, Chironomidae and Amphipoda. For the sediment fauna, selectivity could be seen for Chironomidae, while Polychaeta and H. australis were found in smaller proportions in the diet than in the environment.
Macrobrachium acanthurus preys selectively on Odonata and Polychaeta, and non-selectively on Chironomidae, H. australis and Ostracoda associated to Chara. In terms of sediment fauna, it also preys selectively on Chironomidae and 
DISCUSSION
Although some authors classify the Penaeidae as detritivores (DALL 1968) , it has been shown that their diet is extremely diverse. Diversified diets, with several elements of the benthic community, have been observed by many authors (EDWARDS 1978 , CHONG & SAZEKUMAR 1981 , TARARAM et al. 1993 , CARTES 1995 , DITTEL et al. 1997 .
For Palaemonidae species, many authors have shown that they also have a diet made up of a number of different items, although detritus is usually an important and quite common component (HOWARD 1984 , COLLINS & PAGGI 1998 . According ALBERTONI et al. (in press) , in the Imboassica lagoon M. acanthurus also shown omnivore characteristics, with several items of this nature found, including insects (larvae of Chironomidae and nymphs of Odonata), fish remains -the scales and some bones for example, Chara oogonium and polychaetes. The most common item, however, was detritus. Due to the diversified diet found for both Penaeidae and Palaemonidae, several studies were developed aiming to clarify the role of these consumers in the regulation of the meso and macrofauna of aquatic environments (BELL & COULL 1978 , STEPHENSON 1980 NELSON 1981 , LEBER 1985 , NELSON & CAPONE 1990 , POSEY & HYNES 1991 , BUTLER et al. 1992 , ROSEMOND et al. 1998 .
It is to be expected that species which use similar resources such as food and space in an environment have a high degree of overlap while species that use different resources have a low overlap index (LUDWIG & REYNOLDS 1988) . In theory, the overlap of niches is considered one possible determinant of the structure and diversity of communities (PETRAITIS 1979) . From the obtained results, it can be confirmed that high overlap occurs between the two species of Farfantepenaeus, and among the peneids species and M. acanthurus the overlap is smaller.
Studies of niche overlap are not related to competition (ABRAMS 1980 , LAWLOR 1980 . The authors point out that overlap refers to the use of the same resource type for two or more species, happening when some level of use of the resource exists for the two species. The overlap measure does not imply competition because, if the resources are abundant, competition does not exist regardless of the overlap degree (ABRAMS 1980) . Several indexes for analysis of niche overlap are found in the literature, and there is controversy over which provides the best answer. According to HURLBERT (1978) , the selection of an index should be made in function of how easy biological interpretation is and its capacity of taking into account the variation in the availability of resources.
As verified in the analyses of the frequency of occurrence and relative volume of the food items, the resources used by the three species are similar. Thus, the analyses of overlap of the alimentary niches provide us with a more precise idea of the use of the existent food resources to be found in the Imboassica lagoon. In the present study, the calculations of niche overlap, using several indexes, showed the same tendency. This makes it possible to suggest that the determination of the overlap of alimentary niches for the evaluated species of the Imboassica lagoon does not depend on the used index. Together with the measures of niche overlap, the electivity index helps us to discover more about the predator species in the environment. Application of electivity measures is rare, particularly for crustacean decapods, because it presupposes a quantification of the resources in the environment used by the species, something which is rarely done. Chara is an abundant macroalgae in the Imboassica lagoon, reaching a high biomass (PALMA-SILVA et al. 2002) occupying most of the limnetic region of the lagoon. It is one of the habitats of the studied species, and it shelters a community which represents the main food items of the analyzed shrimps (ALBERTONI et al. 2001) . In environments where they occur, the carophytes have an abundant associated community of meso and macrofauna (HIGLER 1981 , HANSON 1990 , KAIRESALO et al. 1992 , OERTLI 1995 . In the Imboassica lagoon, Chara shelters a rich and dense macroinvertebrate community. The gastropod H. australis is responsible for 80% of the total abundance, with a mean density of 22846 org/m 2 (ALBERTONI et al. 2001) and mean proportions of 51% in the fauna sediment (CALLISTO et al. 1998) . Nonselectivity on this gastropod is probably due to its high density in the two studied habitats. Although it was frequent and abundant in the analyzed stomaches, in none of the species was this gastropod was found in very high frequencies. The three species did not therefore present selective predation on this organism.
Other items, such as Chironomidae larvae, Polychaeta and crustaceans, occured in lower densities in the macroalgae, presenting different electivity degrees. From the results, it can be suggested that the studied species have a good available food supply in the Imboassica lagoon, and probably select prey that provide the most energy and has the fewest hard parts, such as the shell of gastropods.
It is believed that the obtained estimates are valid for analysing the trophic relationship of the species studied in the environment, due to the great difficulty of observing their feeding behavior in situ. The results obtained with the analysis of the diet of F. brasiliensis, F. paulensis and M. acanthurus make it possible to verify the role of these species, which act as important predators of elements of the benthic fauna and of that associated with aquatic macrophytes in the Imboassica lagoon.
The dietary niches of F. brasiliensis and F. paulensis have a high overlap, and there is a smaller overlap between each one of these species and M. acanthurus, indicating a similarity in the feeding habits of the peneids and differences between theirs and those of the paleomonid. The results of the overlap of the alimentary niches showed the same tendency, regardless of the used index, indicating that none of them are more efficient than the others for this evaluation between the studied species.
The electivity results show that the species select some prey in the spectrum of food resources provided by the environment. From the preliminary evaluations of density of both the benthic communities and those associated with the macroalgae Chara and the growth indexes, mainly of peneid species, it can be inferred that the Imboassica lagoon is an environment where food is not a stress factor. This conclusion could serve as a basis for the elaboration of plans for the integrated management of this ecosystem and the development of extensive cultive programs of some species (ALBERTONI 1998).
